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Introduction
Sustainable transport has become the fundamental goal of transport policy in many countries (see for example, DETR 1998; New Zealand Ministry of Transport 2008). As with any goal, decision-makers therefore now have to monitor and regularly report system performance in order to manage progress towards sustainable transport.
Sustainable transport indicators are proving to be popular tools for this purpose. The attractiveness of indicators in this context is largely due to their ability to provide informative signals on the multiplicity of issues inherent in considerations of sustainability.
Given the popularity of indicator-based sustainable transport assessment, systematic approaches for selecting appropriate sustainable transport indicators could support the transport planning and assessment process. Towards that end, this paper presents the Evaluative and Logical Approach to Sustainable Transport Indicator Compilation (ELASTIC). In summary, ELASTIC provides a framework for identifying a suite of indicators based on stakeholder judgements of their analytical soundness and relevance to key objectives of sustainable transport.
The remainder of this paper is structured as follows. Section 2 introduces the concept of sustainable transport. Section 3 describes the attractiveness of indicators as tools for assessing sustainable transport. Section 4 presents the ELASTIC framework, and section 5 builds on this by describing the application of ELASTIC to the English transport system. Section 6 presents the results of the application, whilst Section 7 concludes the paper by outlining the key findings of the study.
The concept of sustainable transport
At the highest level, sustainable transport can be viewed as the expression of sustainable development in the transport sector. Whilst a number of definitions have been suggested (see for example Black 1996 Given the absence of a single definition, a popular approach in practice and literature is to frame the concept is by proposing principles and desirable attributes of a sustainable transport system. The PROSPECTS project (May et al 2001) 
The role for systematic indicator selection frameworks
The selection of the right indicators to guide sustainable transport assessment presents two fundamental challenges. Firstly, a large number of potential sustainable transport indicators exist, and selecting a subset from this large pool can be challenging. Secondly, indicators are only abstractions of the system -designed to tell a partial story, and no indicator or set of indicators will ever perfectly represent the system. It is therefore important to select the right indicator suite that tells a good enough story.
It is likely that the indicator selection process will be improved if undertaken within the context of a systematic framework with clearly defined processes and criteria. In particular, a systematic framework could alleviate what March and Simon (1958) refer to as 'bounded rationality' and 'satisficing' tendencies by decision makers.
Furthermore, a systematic framework can enhance the transparency and consistency of the indicator selection process, and improve the acceptability and credibility of the indicators selection process (Mitchell et al 1995) .
The ELASTIC Framework
The Evaluative and Logical Approach to Sustainable Transport Indicator Compilation (ELASTIC) is a systematic framework for selecting a subset of indicators based on stakeholder judgements of their methodological strengths and relevance to key principles of sustainable transport.
A conceptual model of ELASTIC is shown graphically in Figure 1 below where the setps in the process can be clearly seen.
Figure 1: A conceptual model of the ELASTIC framework and processes
The output of ELASTIC is the Transport Sustainability Profile (TSP), a small unaggregated suite of context-specific sustainable transport indicators.
An application of ELASTIC is described below which provides greater insight into its inherent processes and outputs. 
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The initial long list of indicators
For the application of ELASTIC to the English regions, an initial long list of 233 sustainable transport indicators was identified from nine specific sources shown in Table 2 below.
Source
Number of Indicators
Modelling for sustainable cities: The transport sector (Kupiszewska 1997 ) 32
Indicators for the integration of environmental concerns into transport policies (OECD 1999) 27
Indicators of transport and environment integration TERM 2002 (European Environmental Agency 2002) 38
Sustainable Transport Indicator Project, CST (Gilbert et al 2002) 14
The 'Civilising Cities' initiative (Jones et al 2003) 15
PROSPECTS Project's Methodological Guidebook (Minken et al 2003) 19
Securing the Future (Defra 2005) 68 ii.
Local Quality of Life Counts (DETR 2000) 12
How to monitor indicators in Local Transport Plans and Annual Progress Reports -2005 Update (DfT 2005) 8
Total number of Indicators 233
Maximise the relevance of indicators to the concept of sustainable transport
These sub-goals are narrower and more focussed than the overarching vision, but are still too broad to guide the evaluation of indicators. These sub-goals are therefore decomposed further below into even more precise, narrower and measurable criteria.
It is against these measurable criteria that the indicators are eventually evaluated.
Two sets of measurable criteria are required in ELASTIC -one set for each of the two sub-goals. These are discussed below.
Criteria for evaluating the methodological quality of indicators
The literature is very clear about the methodological and analytical attributes that are The ELASTIC methodology draws on this body of work and has condensed the suggested desirable attributes into five key criteria, namely: i) Measurability: A sustainable transport indicator should be capable of being measured in a theoretically sound, dependable and easily understood manner.
ii) Ease of availability: It should be possible to easily and at a reasonable cost, collect reliable data on the indicator or calculate/forecast the value of the indicator using accepted models.
iii) Speed of Availability: Data from which the indicator is derived or calculated should be regularly updated with a view to ensuring the shortest time lag between the state of affairs being measured and the indicator becoming available.
iv) Interpretability: An indicator and its calculation should yield clear, unambiguous information that is easily understood by all stakeholders v) Transport's impact isolatable: It should be possible to isolate transport's share of the impact that the indicator is purporting to measure.
These criteria are pre-defined in the ELASTIC process and are not intended to be changed between applications. However, and as will be discussed later, the level of importance assigned to each criterion can be varied with context to reflect local stakeholder preferences.
Criteria for evaluating relevance of indicators to sustainable transport
As discussed in section 2, five overarching objectives for sustainable transport were proposed by the PROSPECTS project, and have been found to adequately reflect the desirable attributes of sustainable transport commonly suggested in literature and practice. In this application of ELASTIC, these overarching objectives are taken as the basis for the criteria used to evaluate the relevance of indicators to sustainable transport. Essentially, indicators were evaluated based on how well they reflected a transport system's contribution to the following:
i) Livable Streets and Neighbourhoods: A sustainable transport system should be designed and operated in a way that enhances the physical, aesthetic and special characteristics of the area. It should support community identity and positively impact social, cultural and recreational activities within the community.
ii) Protection of the Environment: A sustainable transport system should minimise natural resource consumption, any disruption of vital habitats and actively reduce transport-related emissions and wastes.
iii) Equity and Social Inclusion: A sustainable transport system should contribute to both social and spatial equity by meeting the basic mobility and accessibility needs of all social, economic and geographical groups.
iv) Health and Safety: A sustainable transport system should be designed and operated in a way that minimises hazards to health, the incidence and fear of transport-related crime, and the numbers, severity and risks of traffic accidents.
v) Support of a Vibrant and Efficient Economy: A sustainable transport system
should contribute to economic growth and support market mechanisms that reflect the true social, economic and environmental costs of activities.
It should be noted however, that these criteria for assessing the relevance of indicators to sustainable transport are not pre-defined by ELASTIC. The objectives of sustainable transport are likely to differ with context, locality, time, scientific knowledge and global events (Abolina and Zilans 2002) . ELASTIC therefore allows for sustainable transport objectives to be varied in order to better reflect the specific to the context in which the indicators are to be applied.
The need to attach weightings to sub-goals and criteria
Stakeholder participation is a key principle of sustainability. It is therefore important that both those affected by, and those who can effect sustainable transport decisions, are involved in the indicator selection process. Furthermore, stakeholders' views on the importance of the various criteria may vary depending on regional, temporal and spatial circumstances and the context in which ELASTIC is being applied.
To address these principal issues, ELASTIC requires that 'numeric weights of importance' are attached to the various sub-goals and criteria, reflecting the affected stakeholders' judgments of their importance. These weights are derived through the application of Multi-Criteria Decision Analysis (MCDA).
Given a set of alternatives, each characterised by a set of assessments for selected criteria and an interest group whose opinions regarding the selection of criteria and the assessments have to be considered, MCDA provides a systematic procedure identifying the best alternative, the best subset or to rank them (Massam 1988) .
A number of MCDA techniques exist, many of which require the decision maker to directly attach weights to the alternatives. This presents a number of problems. Zeleny (1974) has argued, for example, that attempting to extract preferences by directly questioning the decision maker is an innately defective process as humans are inherently incapable of processing the relevant information about all criteria into stable weights. Furthermore, methods that directly elicit weights are unsuited for group decision making as forging some agreement among the divergent views is often impossible (Barron and Barret 1996) .
One MCDA technique, the Analytic Hierarchy Process (AHP) devised by Saaty (1980) , overcomes these shortcomings as weights are not assigned directly. Instead, AHP elicits subjective comparisons from the decision-maker, and then synthesises these judgements into ratio-scale weights. Notably, these individual weights can be aggregated to derive group-weights. This non-direct weighting approach enables the incorporation of data, experience and insight in a logical and methodological manner.
AHP is therefore the MCDA approach specified for use in ELASTIC to derive weights of importance for the sub-goals and criteria. 
Surveys of stakeholders and experts
In order to obtain the necessary sub-goal and criteria weights for this application, two sets of surveys were conducted to elicit distributional judgements from two groups of relevant transport specialists, namely (i) Transport Planners at English Municipal Councils and Authorities and (ii) Transport-related Academics at English universities.
Survey 1: Weighting the methodological criteria
The first survey was conducted via a mail questionnaire and sought to obtain stakeholder judgements on the relative importance of the methodological criteria.
In order to acquire data in a way amenable for analysis using AHP, the participants were asked to make subjective pairwise comparisons of the five methodological
criteria. An example of a pairwise comparison that the participants were asked to make is shown in Figure 2 .
In deciding on an indicator of 'Sustainable Transport', which of the following criteria would you deem more important for indicator choice and how strongly?
Please circle the appropriate number. Table 3 below, which is a modified version of Saaty's (1980) scale. 
Intensity of importance Definition Explanation
Survey 2: Weighting the sustainable transport objectives
The second round of surveys sought to elicit stakeholder' judgements on the relative importance of the five 'objectives of sustainable transport'. An example of a pairwise comparison that the participants were asked to make in the second survey is shown below.
If you were seeking to assess the overall sustainability of a transport system based on its performance on given sustainability objectives, which of the following sustainable transport objectives would you deem more important to your decision, and how strongly so?
Please circle the appropriate number. 
Weighting the sub-goals
In the last section of the second questionnaire, participants were asked to make a single pairwise comparison of the two ELASTIC sub-goals, i.e., 'Methodological quality' vs. 'Relevance to sustainable transport', as shown in Figure 4 below.
If you were asked to choose a sustainable transport indicator based on either its Methodological Quality or its Relevance to sustainable transport which of the two criteria would you deem more important to your selection and how strongly so?
Results of the application of ELASTIC to England
In the first round of surveys, a total of 57 questionnaires were sent to Transport Planners. Of these, 38 were completed, returned and used in the analysis. 64 questionnaires were sent to transport Academics, of which 34 were completed and returned. In the second round of surveys, 74 questionnaires were sent to transport planners. 39 questionnaires were returned and used in this analysis. 64 questionnaires were again circulated to Academics. 30 of these questionnaires were completed and returned.
Weights for the criteria reflecting methodological quality
As previously outlined, the first questionnaire required respondents to perform pairwise comparisons of ELASTIC's methodological criteria. AHP was then applied to derive weightings reflecting the preference of each respondent. These individual weightings were aggregated into (i) group weights for Transport Planners and Academics respectively; and (ii) overall weights based on judgements of all respondents. The results are shown in Table 4 below.
Methodological Criteria
Transport Planners N=38
Academics N=34 Table 4 : Group weights and overall weights derived for the methodological criteria A t-test comparison of each pair of weightings showed that there were no significant differences in the weightings that the two sample groups attached to the five methodological criteria.
Weights for the criteria reflecting objectives of sustainable transport
The group weights and the overall aggregated weights assigned by respondents to the criteria reflecting sustainable transport objectives are shown in Table 5 below. Table 5 : Group weights and overall weights for the sustainable transport objectives A t-test comparison showed that there was no significant difference in the weightings that the two groups assigned to four of the five sustainable transport objectives.
Objectives of Sustainable Transport
There was however a difference in the weight attached to the objective -Protection of the Environment, which Academics weighted higher than Transport Planners.
This may reflect the fact that the Academics surveyed were from varied transportrelated backgrounds and specialities, and may therefore be more likely to relate the concept of sustainability to the environment. This is less likely to be the case with specialist Transport Planners, who are more likely to be aware of the wider interpretation of sustainability from various government publications and guidance. Table 6 shows the weightings attached to the ELASTIC sub-goals. A t test comparison of values showed that there were no significant differences in the weights assigned to the two sub-goals by the two groups of stakeholders.
Weights for the sub-goals
ELASTIC sub-goals
Transport Planners N=39
Academics N=30 
Overall weights N=69
Mean Std Deviation Mean Std Deviation Mean Std Deviation
The ELASTIC value tree
Once the weightings for the sub-goals, criteria and weightings have been obtained, an ELASTIC value tree can then be derived.
The ELASTIC value tree is a graphical and hierarchical representation of the goal, sub-goals and criteria in a given sustainable transport indicator selection scenario.
The competing indicators are not included in the value tree. Instead, the value tree forms the basis on which the indicators are evaluated.
The ELASTIC value tree derived for the application of the framework to the English
Regions is shown in Figure 5 . 
Scoring Indicator performance on criteria
Having derived the weights for the various components of the value tree, the next stage in the ELASTIC process is the evaluation of the long list of indicators against the various sub goals and criteria. This is done by assigning an outcome score to each indicator based on its performance on each criterion.
In this application of ELASTIC, a 5-point likert scale was used as a basis for assigning outcome scores. A score of zero, i.e., 'extremely poor performance' was assigned where the indicator failed to meet any of the requirements of the criterion, whilst a score of four, i.e., 'outstanding performance' was assigned where the indicator performed exceptionally well on a criterion.
Numerical aggregation and preliminary selection
ELASTIC uses the Simple Additive Weighting (SAW) approach for aggregating the various weights and outcome scores to derive an overall measure of indicator performance. The basis of the SAW model is that if there are m alternatives and n criteria, the best alternative is the one that has the highest total weighted sum score 
Where:
WIPS a is the is the overall weighted performance score of indicator a; k g is the importance weight of sub-goal k; w j is the importance weight of criterion j; a j s is the normalised outcome score for indicator a on criteria j.
Selection of a preliminary subset of indicators
An initial suite of the top 20 indicators with the highest WIPS was selected for further analysis. The indicators in this initial subset are shown in Table 7 . 
Rank
Indicator WIPS
Sensitivity Analysis
Sensitivity analysis is an important stage of the ELASTIC process. This stage of the framework aims is to choose from the preliminary subset, an even smaller suite of indicators that perform consistently well even with changes to ELASTIC inputs.
To enable the sensitivity analysis, 1000 monte carlo simulations runs were undertaken, where the sub-goals weightings, criteria weightings and outcome scores for each indicator were varied.
Selection of a final suite of indicators
Mean WIPS were calculated for each of the 20 indicators by taking the average of the 1000 WIPS obtained in the 1000 monte carlo simulations. The 15 indicators with the highest WIPS after sensitivity analysis are shown in Table 8 . The outputs and inherent processes of any methodology that seeks to assess sustainable transport, should therefore reflect and incorporate these principles.
The ELASTIC framework requires that the value judgements of affected stakeholders are elicited and explicitly entered into the indicator selection process. From this perspective therefore, ELASTIC meets the sustainability principle of stakeholder participation.
In addition to allowing the weights of the various sub-goals and criteria to be varied to reflect the importance afforded to them by local stakeholders, ELASTIC also allows for the sustainable transport objectives to be changed to reflect local context. Given these attributes, a strong case can be made that ELASTIC meets the sustainability principle of context specificity.
The extent to which ELASTIC provides a balanced reflection of economic, environmental and social progress is less clear cut.
Within the suite of indicators in Table 9 , biases can be identified towards one or more of the sustainability dimensions. For example, indicators that address pollution and issues related to natural resource consumption, can be argued to have an 'environmental' bias. These are adequately represented in Table 9 . Similarly, indicators that address issues related to safety, access and awareness can be argued to have a 'social' bias, and indeed these are adequately reflected in Table 9 as well.
However, only one indicator in Table 9 , i.e. Social/External costs of Transport, can be viewed as having an 'economic' bias.
This opens the question as to whether the ELASTIC framework provides an adequate and balanced view of environmental, social and economic development.
The framework endeavours to be stakeholder-led, and does not incorporate any rules or interventions to ensure that a particular mix or types of indicators are selected. As indicators are evaluated based on their relevance to key sustainability objectives, it is those indicators that simultaneously reflect economic, environmental and social issues that will perform best. It may be the case however, that although an indicator has implications for multiple dimensions, it may have a stronger bias towards one.
The top three performing indicators in Table 9 This application has shown the potential for unbalanced dimensional biases in the output of ELASTIC. Minimal bias towards one or more sustainability dimension would not adversely impact the assessment process, and could indeed be defended as reflecting the issues that stakeholders are most concerned with. However, if the bias towards one or more dimension was severe, it could result in a very narrow view of system performance which would be at odds with the fundamental premise of sustainability. Future research to minimise the risks of extreme dimensional biases may therefore strengthen the ELASTIC framework.
